High-Tc oxide compounds are characterized by layer structures (Cu-O2 layers). Oxide compounds of this class are of intrinsic interest due to the coupling between the Cu-O2 layers. Earlier work on the layered superconductors has shown that in the isotropic but three-dimensional system, He2 is a continuous, differentiable function of orientation in field as derived from the anisotropic Ginzburg-Landau (GL) theory. 1 In contrast Tinkham 2 pointed out the discontinuous derivative dHc2/dO at 0 = 90 ° for the twodimensional thin film, 0 is the angle between the normal of the film and the field direction. Recent efforts 3-5 in the coupling of the Cu-O2 layers using 90 K YBCO single crystals have shown that YBCO compounds show a three-dimensional behavior indicating that there is a coupling behavior between the Cu-O2 layers. We report here the angular dependence of the 467 0022-2291/93/0300-046750700/0 (~ 1993 
We have measured the resistivity as a function of temperature in a magnetic field at various field angles 0 for oxygen-deficient YBCO films and ultrathin YBCO films; 0 is the angle between the crystal c axis and the direction of the magnetic field. The angular dependence of the critical field, H¢2, shows a cusplike behaviour at 0 = 90°for the oxygen-deficient 60 K YBCO films indicating that the Cu-02 layers are two-dimensional in nature. Both T¢ versus 0 in a constantfield and He2 as a function of O show a plateau at 0 = 90°for 83 K (zero resistance) ultrathin YBCO films with a thickness of 20 units of the YBCO cell; these results indicate that there is a coupling between the Cu-02 layers. The dimensionality of the Cu-02 layers in oxygen-deficient YBCO fiIms and ultrathin YBCO films is discussed in terms of the anisotropic GinzburgLandau model and the Tinkham thin-film model.
High-Tc oxide compounds are characterized by layer structures (Cu-O2 layers). Oxide compounds of this class are of intrinsic interest due to the coupling between the Cu-O2 layers. Earlier work on the layered superconductors has shown that in the isotropic but three-dimensional system, He2 is a continuous, differentiable function of orientation in field as derived from the anisotropic Ginzburg-Landau (GL) theory. 1 In contrast Tinkham 2 pointed out the discontinuous derivative dHc2/dO at 0 = 90 ° for the twodimensional thin film, 0 is the angle between the normal of the film and the field direction. Recent efforts 3-5 in the coupling of the Cu-O2 layers using 90 K YBCO single crystals have shown that YBCO compounds show a three-dimensional behavior indicating that there is a coupling behavior between the Cu-O2 layers. We report here the angular dependence of the 467 where H~2,¢ is the critical field with the applied field parallel to the e axis and H~2,ob is the critical field with the applied field parallel to the ab plane, and 0 is the angle the magnetic field makes with the crystal c axis. As Eq.
(1) predicts a discontinuity in dHc2( 0)/dO at 0 = 90 °, one expects to observe a cusp-like behavior in the angular dependence of He2 at 0 = 90 °.
The angular dependence of Hc2 in the anisotropic G L theory is
where mob/rnc is the effective mass ratio which is related to the critical fields by the relation: rnab/m~ = (H~z,c/I-I~2,,~b)2. Equation (2) The resistivity as a function of temperature in a magnetic field for the samples was measured by the four-probe method. A superconducting cryostat which can generate a horizontal magnetic field up to 7 T was used to measure the resistivity of the film under various field directions. The orientation of the sample relative to the magnetic field is shown in the inset of Fig. 1 . The angle 0 which the e axis makes with respect to the direction of the magnetic field can be changed by rotating the sample about the z axis.
The oxygen deficient YBCO films with T~, .... at about 60 K and ultrathin YBCO films were grown in situ by the rf magnetron sputtering technique. The sputtering target was the stoichiometric YBazCu307_y oxide compound. The substrates were MgO(001). The sputtering pressure was a mixture of Ar and O~ (7: 3). We made the oxygen deficient in the samples by controlling the oxygen content in the sample preparation processes. A detailed description of the sample preparation is reported elsewhere. 6 The as-grown films were shiny and smooth. The X-ray diffraction pattern shows that the films have a preferred orientation with the crystal c axis perpendicular to the surface of MgO(001). The critical fields for sample a obtained from the 10% resistive transition are Hc2,ab = 4.53 T and Hc2,c = 0.55 T at 86.4 K, where Hcz,ab is the critical field with the field applied along the ab plane and H~2,c the critical field with the applied field along the crystal c direction. If we put Hc2,ab = 4.53 T and Hc2,c=0.55 T into the GL relations; ~2,b=~Po/(2~-Hc2,c) and ~c = dPo(2"rrHc2,ab Gab) , we obtain ~b = 24.5 nm and ~c = 2.97 nm, where ~b is the coherence length along the ab plane and ~c the coherence length along the crystal c direction. We note that Pc is larger than the distance between the Cu-O2 layer which is 0.8 nm 9. Therefore there can be a coupling behavior between the Cu-O2 layers in ultrathin YBCO films.
In conclusion we have studied anisotropic critical fields of oxygendeficient 60 K superconducting YBCO films and the ultrathin 83 K YBCO film. The angular dependence of Hc2 shows a cusplike behavior indicating that the Cu-O2 layer in the 60 K YBCO films is 2D in nature. The angular dependence of Tc in a constant field for ultrathin YBCO films shows a plateau at 0 --90 ° and the angular dependence of nc2 at T near Tc fits well to the GL 3D model. These data indicate that the coupling behavior of the Cu-O2 layers exists for ultrathin YBCO films at T near To.
